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EXHAUST GAS AND AIIiHEAT.EXOHMGER .
. .. . . . . .

By La 24,E,-Bo&lt6*,; Ma As Miller,
W, H. Sharp, and E, H. Morrln
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“ “T~ormal aqd prcssuro drop per.f”ormance d’hta of. a
slot”tad-f.in Stoyart-lYarubr .oxh4ust gas and ventilating
air heat oxohangor ado presontod, .Meaeurcmonts woro made,
using up to 7000 pounds per hour o? czhaust gas and up to “
5000 pounds par hQur of ventilating air. “T)io.lnlot .
exhaust gas tomporhturo was malnt.ainpd at about 14000 F;
whorah~ that of tbc ventilating air was about 950 ~.

. .

ThrcQ different crotisflow a$r shrouks wcro used in
. tnoso”tosts. The ofi’oct of installing a Nccntral core~ in
“tho exhaust gas.sido of the hcator was dotormlncd. Iso-
thorual and non-isothermal static prassurc.drop measurc-
monts Were mado on both tho exhaust gas and ventilating
air sides of the hoator.” Isothermal pressuro drops across
the inlet and outlot ducts Qf the air shrouds wcro ❑ oas-
urod~ TomBoratures o.f”tho ‘hoatcr surfaces at several
potnts woro also rqd.ordod, , “ .

..O . ..
kieasurod and predicted “heat transfer rates and prcs-

iuro drbps aro.~pmparodm Tho maximum moasurod rato of
“heht traasfe.r:was 2~6,000’Btu .por..mhoura The maximum
measured non-lsotlaermak presk!umo. @.r.opon the vontilatlng
air sldo, using a soml- or diagoqal-crossflow air shroud
:was 16,5 incho.a of. water; whereas that using a full cross-
flov sliroud .waa.5i3 incho”s of.water. . Tho maximum measured
pressure drep.on ”$ho”oxhatist gqs s%do ,of “tho heater was
9.8 inches of vator boforo tho-ceqtral corf ~as installed
and 16.9 inches of water aftor the central coru was $n
place. The maximum ho~tor-surfaco tomporature was 1120° F.
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Tho Stewabt-Waimo”P”””haa”t-erwas .tbs.tod on tho largo

test stand In tho Mechanical Engineering Labopatmrles .of. “.
tho U~”~yprwl.tY of L%li?ormia. “ (See fig. 1, and descrip-
tion of test stand l.n~reforqnco. 1.) ..- .- ..

.....- .-.
Thoso heaters are “usGd in.rthq o~hauet gqs streams

of aircraft ongifio s.~or.cabin; Vitig, @d tail=?urface
hcatiug systeas. “.”“ “ . ‘“: “ ‘ “ ‘ -

The following data w~re.obtained:

1.

2.
. ..

. .

. .

ifolght rates of exhaust sas end
through the t~o.,sides of Jhc

.. . . .

go~poraturus of. exhaust.ge”s. and.

ventilating alr

&ir at. outranco and exit” of heat oxcha~gor.- “ .. .
.. . . . .

Tcrn~Qrnturos. Cf- the.hc~~o~ surf?cos” ‘ .. ‘ , “.J.
“.

. “. . . ........’
~tatic prcsaufio”drop mcasui’cticcts Ori the ozhau;t

gas end vcntllct+ng air aidc~ .o? tho Qoator
..aEd.duCtSb un~cr bokb”isotihoraal and non- “ .

59

4,

. . --
i“sothcrtia~ flo”ti“conditions ... . . .. . . .:.p.. .. ... - .:.“ ... .. . ..

“-5..Iso.thernal atat”i.c pr”o?surc”drog in.casuromonts” - “ .
.“&cross the lhlct” and cu.tlcij“qlr-shrcud ducts. .

,.. ..alono .’ “ ~:.. .. .. .. . . . .~... . .., ,
Tho mti~suromo~t.s Yoro”’rnado with thro~ dif.f.ero~t von- ‘

tilating air shrcuds cn~ also with &nd -Ithout R ncoutral
coro” Iastallod in the oxhnust gee sido of the hca.tor>...-.-.... . ,.. .’. ... “. .. ...

,. .0 sYhi3t3Ls;y “ ... .. . : -“::. . > ....
.... .. ..

. . . .. . .. t... .. ..-. ..-
A .ai.ca.of homt trtinsfer”i ft

n. . h.
. . ..- ... .,. . . . , .. ..., I .

An “cross-s.octional c.rcn of “oriofin on the ventilating .aLr “.
..sidc .c.i.thc hGr.tor, ft$~ ‘ . ..

.. . . . .“..

‘g . cross-scctlcncl area of 0=10 flh on: t-he cxhr.ust gas
sido of the hector, fth

‘spot-weld cross-soctionnl arwi of spot welds, ft= (See

appendix.)
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3.

Au~ unfinned base area.pn the ~eq~l~ating air e~de.of . -.
the heater, fta” ““’” .. . . .

4 .. - ..

~Pg heat capacity of exhauet gas at cofietArifp~bssuret
,qtv~~b::l.:. ....... . .;-’.’!:].%. “;”-.””’”-.-?“-” -:...”“., .1. ..

.,
D hydraulic diaaeter, ft

.,

fc~ ““uui.t t.ll~r”i~~l ctinv”octive con.ductaqo< ’”for”tbo.nvontilat-
itig air (averago with length), Etu/llr”ft or

..
. . ..

.un~t tho~m&l cbnvoctivo condpctanco,f~r tho .~”xhaust’.fog ..
, gag .(av.brago .vIth.lengih), Bli~/4r #t* ‘%’.

-.:... .
~ grtivttn-tto-nal.forco por unit of rnnes.~1~/(1~ coca/ft)

G .. ?oi.ght”.r~td..p~r~un.itof .nro~-a,lb/.4ik~i” ,... “ “ ‘
.. .~ti” .:

.wol”ght ratib ‘po~ unit of nroa for” vontllat”ing air,
lb/hr ftc

1

.%.‘... .. .. . . .

“wo~gh% “.fi}ato’”pG”rlunit of .aroa ,.for cx.hauOt ga9”.
.

% “
.:y+b’lhr :.??,. ... :......-.. ....:%:....L.-...1.. .. . .. .. . ..

k ......-rrmkirmki,coqdu~tivity of fiq. Pa~,~~@lw.:W$@. ft*(OP/ft)...... .... . ..------

.:.... . .. . .
L “-””d:ietanco botw”oen. etat$~~pr.assuro “mo”asuring.Etations .

and lomgth, af hoa.t.k~an.sfer :e.ur@w.o~ .ft ...“..

La , length.o.$,.f,$paon..voatllq.tlng..ai? .eidq of he.ator T
... “mea.eurbd-.po”r~ondioula.p,~y,~p $.hp..haa.te.?-.soil,l,ft

‘% Jo~gth,.o$,f&ns .on...c@+p&t gaa. us,ld.q,@.h~tor measurud
“ porpondlcularly to th?:thoa”$e,xx:e~o~l,..ft
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1. . .

-.
“thibknoss of .hoater. pholl~ ft . . ..... . .?0”.. . ,.,..’ .. . . . -,. .

nu”mbor”of fids on yontilating al”r side ‘
..

na
. ,. . . . . .

. ,.
‘~ .. ~uqber of fins on oxhauat gas.qide “ ‘“ . ...,

, . . ..
P -.::.h~at;:transfor porlmotor of onp fin on eitbor nido of

hoator, ft. ~.
.,

...

Qa ~oaaured rato of onthalpy chan~o of. v.onti~atiqg e.ir,
Btu/hr ....

. .

qg < moasur’”od”rateflofonthalpy ckango o.f””oxhau%t gn,s, Btu/hr. .

Rtotal ‘ total th.brmal..rosis.tanco includin~ thmt through.- .. hemter shell,. bF hr/Bth .; ...“..

. .
. .

. .

.. .,.

.

.Inlct, the othor at.tixhaust gas....-. . . . . .

tb ,q+ltguctic avQrRg.o of ton?oraturo9
thdruociuplos. locatod on hoator

.

aonsuro”d ky tvo
~hcll near.vontllatw
at exhaust gns
Outlet), 03’

monsurod by two
eholl near vontllat-

(..
. . -. ~ng air o~tlot (OUC thcruocouplo:e:t’ ox~ust gas

Inletm the othor at..oxhauet ghs outlot), or
,.

t.’,C arithmetic- avorr.ge ,of tcmporatur”o:s”-ri”oc.surcdby two
. . _thornocouplos locatbd on.ho?.tor shell equidistant..

from etidm (ono thoruocouplc on top, tho other on .
tho botton), oI’“ ‘ %

.... . “

Ta arith~otic-avorago ui::od-aoan absoluto tonporaturo of

it + T!= .
. . oithor fluid = — iu uquatlon (11) only; ... 2 ‘. .

. . . ~ othorvi~o a~lth~otic .av~rag? uixod-ncr.n absoluto
.:. + ~R2
toupoiaturo of air.=’

T& 1
+ 460, ‘H

. .. . . 2 “’. .

; T~’:..~rith:]utic nvorago :~ixcd-aoe.n absolute ‘toupcraturo
.. .: “Tfll + ~cz

of Oxhclust gas Q, + ‘4”60 , 03. . 2

.“T.l mixed-aodn a~g~luto tcaperr.turo of fluid at ontrcnco
soctlop (point 1), oR. “’ ‘

T; nlxod-noan absoluto .tonporaturo of fluid at exit
eoction “(point 2), ‘R .
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..T~go mked~rnea~.““.. ~“abeol~te temperatu?e”of flujd;fo;”.iaothor-
mal preEsure drop tests~ ‘~i- .- .. ““.

.. ,. . . .. .

u ovor”-al~ irilt””t”hermhiconduct~~cql Btu/hr ft= ‘E

w:!. weight .rato .of:Xlu!dj .lb/hr T “ . ,“ :-’.:.1” ..
& . . .,J... :!.

lfa weight rato of air, .lb/hr”
,* .,.

‘/? wclght rato of exhaust gc.s, lb/hr. . :’ “

‘Y1 woikTLt donOity of fluid nt ontranco to laonting 6ec-
tion (point 1), lb/fts .

M? non-1sothoruo.1 prossuro dpop alonfi hentor~ lb/ft3
....” .:...

APa proasurci drop along hontor on vontllatlng air si.do,
lb/ftc ... .

APla prossuro drop along hoator on vontllating air eldo~
inches HPO J .

. . . .C
.,

&pg prossuro drop along h~atcr on exhaust gas eldo, lb/fta
-. .,

AP1g prossuro drop along hcator on exhaust gas sldo,
inches HnO

‘DUC$ “Is”dthomal pressu”ro .drop.’a”long inlat and outlot
ducts of tho air shroud, lb/ftn

.“.

‘HTE isothoraml prossuro drop along hoator only, lb/fta

‘Ti.ao isbthorzaal prdhsuro dPop “along rioat~r..and duets at
tmupo.raturfs

.,
TIEO; lb/ftc . . .. . .. .

.;~~s~ iso~h~ra~lm frictio~ ‘faator ‘d6flnod .~y“F~ = ~ imo ~ ~
. . ... .. .. ...

dif’foronco, ‘3’
.. ... ..

adati tenpd~ature ikifforenco, oF
.. ,“.””
. . .. . ...”.

.- .-
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-?””mk. ;“difWer4ace”batwq@? “mi~aa~me~n .temperntuxoa of. ygntl-
lating air a?.sqct$~ns:,de$lnad by. po$nts 1 and” 2 =
T -T or
aa &l’ :t, .,“”

‘ATg difference betwe-~n mixi~~rnean “tem”poratures of exh~ust
~“.gaa.at.-:sqctio~e defined .by.lolnts 1 and 2 = .

or
‘gl..; ‘g.a’~.. . , . ~.. . 1 ,

v viscosity-of fluid, lb eat!/fta
.s - . -. .: ..’.:. . . . . .

Tal mixed-mean tqmpernture of ventilating air nt entrnnoe
eect$on (point 1), ‘I’

,“

1P mixed-maan tompornture o~ vontl~nting air at exit ●

.a eoction (point 2)~ ‘F . . .“ . . . .. .
.. -

I!31 section (pair3t 1), 3F
.!, . .. . . ,. . .

... ..’ .: . .

‘ga
mixed-ne~.u tenpor?.tuie Qf o+haust gas r-t exit

tion (point 2), 3F.. . . . . . .. . . . -...“ ..,. .

?IU,..Ngs.selt ,numbcr
.=

s k“
%.. . . ... ... . . ..

. .

Pr .P:andtl number =
3600 p Cn g

... “,“.. “k. . .
,. ..

Re Reyaolds number = ~.,.... “.. 3600 K g .f

, Rep, .30ynqlds ‘numb~r = G p .
3600 ~ g

:....

“..

. .. . . . . “.. . . .

sf3c-

,.

.

...
. .

DE5C~IPTI02! 01’ ~TEWART-UARiiER SLOT~ED~FIN HEATER. .

AND,,TESTING PEOC3KJQ?E... .,. ~.. , , “..! ... . .... ...

. . . s.

Th6.’Stcwart-Warfi:T ”.sl:ttad~fiq, ~xhaust”.~~e and.ven-
tilatlqg air hsat exchatiger is.a croesflov-type heater.

. The slotted figs o.a.the i.nnor.or exhaust gas. side are :
placed lo~gitutiinally; whereas those on tho outer or ven~
tilating air eide are pln.cod circumfe~entinl,~? on tho
heater shell. There [~re-52’ioWs Of fins on the dir side
of the heater r.nd.80 rows ,on the exhmus$,.gne qldo~ Eqch
row on the air side”.fs cut ~t 1]4-inch. Intervals so that
there are 69 fins per row. On the exh~.ust gas side each
row is slotted at 3/4-inch intervals, yioldlng 19 fins
per row. The fins are constructed of (),045-inch copper
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. . . . .. . ......’. ....”... .’: ’..” .“. “..-.
. .... .. .“

‘.&n.d.l&rq..spot~ufid~d.-&-~-..&.-.stA.inlee’s“Iitpe:l.:shall.;.““Thef ins..
on. b,o$h stdee :of”th.s heater sire” 3/4 .i:ndi: In- lpn~th me,as-

,., -.;u-r,e&.perpandl.mu3arl~..to the”‘ehe.11. “ - . “ ... . ....... . :1-. . ... . . :... ...’. : :..

-~T:h.ej?Lr.at tik shroud tested wttli: $he’ ““Stcrw8r.t-Warner.. ..
.;:heater. wm. a-. d.kgenal-: or .eehl-or.oee”flati~ty~ ehroud
.. .o.b$.sdp+..l’.T.Qti“the J.menJAeroWaut i&d. Labvrat.?ryfl “M6ffett

-P~.eld,..Ogallft ;Tha;:LnLet du&.t“obn%a~neid””vanes” whloh
..ten&e? t~ dl~.e~t:thh ai~ over. thb “he.a~eri=t ri’ght apgles.
(See figs. 2 ~a: +~”),.Anotlkeb air ehrauil.“(hereafter desig-
nated a~ UC-2) was oonstruoted with dimensions equivalent

.... t,o thq+e .D&.th~ Ames ..ebroud.,tititWkth” full” orossf lbw char-
act+r$.OtiieOq -1(SW6 f4g08 2~and 5;) “.A.”third alr Bhroud

‘.:.(h.e~etit@r’:dee3gna+0&~ aa ?Jd~l):iiaa e’ohatruoted with full
orossflow oharaoteristicsr but with a smaller olearanee

..between. the heater. shell and” the sh~oud. -

. .
..

.’

. .

,. . .. .:. . .. .

In order to’ force the exhaust ga8 between the longi-
tudinal slotted fins, a central core wag.,installed on the
gfla aide of the hehter. (See flgi. 2 aiid.6.)

..

Tho.weight.”ratee of exhauet ga8 an% ventilating ,air
were obtain.edwby means of .6a15brnted sqwre-edge orifices.

.,:... .
.The”e~h&t Las tempertitires were measured at the

.Inlqt end the outlet of the haater:by means of shielded
traversing thermdcotiplqi, . . “

.:. ... .
.A mikitig device was used at “the exit of the natural

gas funnno.q to given an tipproximat.ely uniform temperature
. dis.tribub.ton at- thd.entrants to the heater. (The measured

temp,qratare: dlstributloh In degrees Fahrenheit was within
,*3 .peqcen.t of. c.amplete” uniformity”at the iulet end of the
. heater.) . .

.:HQ “mixlzqg.davlc.e w&s. Usbd downstream from the heater
,.pq;tho ..qtiaust..gah side,. The measured temperature distrl-
b.ut+og in degrees ~zhiranh~it was thue within *3 percent of

.. cornpleh.evnifor.rntty,~:.khich was reduced to +1* percent when
. the. cent-l core was in”slralled_because of the greater mix-.
. . ing .ep.qounter.sdwlmn’ the gas expanded into the outlet,..

axhaupt gas duct: “.(She.h.eference 1 for a description of
.the.”test sti.nrid:~and.i.tsInstrumentation!)

. . :. .4
I yQr nil.. sir@?t..t.~e exhquet ~e.s temperature traverses..

were made a.k...poihts15 .itic.hesupstream and 24 inches down-
stream from the ends of the heater.
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. .

. .

Isothermal prebsuro, drpps. alo.ng.the~”ihlbti”and outlet
a3r.=shrou.d ducts .-were”measured by detachlag “these ducts””
from the shroud and plaoing them hogether to obtain the
t-otalpressure drop aeross,tha” two duets. The air shrouds
UC-1 and UC-2 utilized the dame inlet and outlet duets. ..
*hen the inlet and, outlet. auets..used .on.tdik”Amens semi-. .
cr.o.qs$.LQkshroud “w-ek~:plkotid:t-ogether;”.a.~ve~ e~marply “
c.ur,v.e~.path.fo%’t%’ti“air “w~s..fo.z”qe?l.*nd ‘.t.he.n.easur~~pres- .
cure...drop:for~”th~””d$ots:@laa.ed .inthis minher wars ‘ski larga
as..the qeasuzwi-dte&%hedrn@ .yalue”siciross“both t,h.?”ducts
an$ tthe:heatwr Wlibn:’uded in the normal arrangemeht~ A %
truer value of the pressure drops through the ducts alone
was obtained by placing a mqpacq~n..equlv~lent t~” th~” ....
width of ’the!alr””shidud h?~yqbq the.”inlet.hnd bitlet .
duets so that the-ducts Ward, Iq..the same rel&tiVd posl- “
tlon for these tests and for those tests using both .t.he
air shroud and the heater- !lMepressure drop”ln this
IIspacorn JWCSS negligible .’(2“percent) oompqmed” with “fi~at
actiosa the converging an”d”divetiging, outlet. and fnle”t a“tr
ducts.

..

:.. . . “

. CALCULATIONS . .: . ... . -..
.. . . .: . . Hent Transfer”( ““ “

The thernnl output..af..th”hahterer “bn”s”determined by
the” e“nthalpy changes ox the ventilating air:

..

(1)

. . . .

in which” C’pn was eve.lu~%ted &t the””nrlthnetic average
.... .

ventilating .alr tegBera~ure nki”a good cpproxination, A
pldt”of” qa a~ainst Wa &t constant ‘values of exhaust
gas rate and inlet tenperatur~“Wg . . . ... ‘=1

is e.hewn..in

figures 7 to ~“2i-”..’,. .1:.. ..
>. ...:.. ..

.. ‘... .-:..
On the”’exh~ust ga”e ,sM.e,of::thb .h.eat’er::””“~”- ““.

1.
..

!lg =,wg :Pg(TgJ -,TgJ.. . “
“;......- ..... . “-“

wherk “cp is evaluate~” for ‘air at the temperature at
g

the arithmetic average exhaust gas temperature.

(2)
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The over-all thernal condya.$,an~~.:

‘ ..(fcA)ea =

and

.“”

f–l-P ““ -’.”““

nnl fc~ p k A= tan’h Ln ●= + fca A.l* (5) . .kAa n:.:.:
L

. .
. . . ,t:

.“ . . .
. ...”.:. .. ..

{.. .
.
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.

where I’!.”.,.,.,. ..:.!.;,p .::: ..:1.
.. k cross- soctional””area of ona fin

k “thernal conduct ivi.ty of. fin ~a%e’~lsl bv;lubted at” an
..

average temperature

It..leqgth.:of one. fim meaeuredm~p~~pe.~d ~di14rly. *o. heater
Shell “ J“ . 1. .~ -“.

.. . ....:, .:. pm ::F ., ....’.. . .~..
na:totql.~unbe”r of fins on air-side of- lietite”r “ “

.n ~ total number of fins on exh~ust gns, s~do . “, ..
......

f=. Urilt thernd conductance alorig fins o.nd”nl-ong’unfinned
..:.a~ea .% of heater . ..“.

.-. ..

Eir t“he exh~ust” gas side fcg Is evalutited from” the
equation .. ..- ....,. ....-. . “. ..OaB. - ‘.

. . -4 %.’” ; ... . !“.“:“ ..:. . = 5.56 X 10 pgo.~96 (7)fcg.- . .. -: .. . .. .. “D 0:~8 , :. . ,,-..-. , .,g :.”-. ... .,...
whbre : i;..”’. ... . ..” .. .’..~ .

.: ... ...

%
erithr,etic aver.zge absolute temperature

.:.

‘g exhaust gas weight rate per unit cross-sectional area
-.. .. . . . .

-?% . ~.~~.r.aulic’d’itie,tqrof ~space (channel; “bet’yk.erirotis of
,..jf~?~ O.niQxhpuet &%.4 !-SMB . . , . . . “

%-. . .
. . ,...

.Baca.us-e :tha’s20*B “an:dhe”i~e~~~~sit..:~as,side. -w~-renarrow,
their. effe.gt on tb%. flti&.#lbv ‘apd” uii.lt.-thhrmalconductance
.way~pgl~ctad .khd .fc:,:...was~~ualeu~tie”p”p.by, bea.ns-..ofequation

(7”),~khick-l”s I&&”ediu$oti:it?l.tw.lqplpes.,an~~c~paels where
the characteris%lc ~lmensiom is-the hydraulic dianeter.

... ... .. . ... . .. . -

.. On the air’-sld~.; t’~a~cirpurnfo.re~tl~l.fins Were slotted
at l/4-inch Iritervpls; .~he Reynolds.nunbdr’nstng the
perineter P of the fin nq tha pign~ficant dinension

Rep = ~p-: varies fron 10,000 to 25,000~ so that the
3600 p g

.—
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.

regine Is then”evaluated. from equatfon” (“6)” of ref”eme-hce 5:

f = 0.112CTCfi . . ‘:5(+Y”6 ‘(’).. .... . .. .....
,. ..

but elnce 3600’”u~”Y = .G ““:““.
.{

:..- -. ,1 . ..”..
.“ “.

()
0.6’

“ fc~ = 1,.87.x .10-3 To’s $
. .

(9)

“-Far this ~efittiii”.L is:.1./.4.ifich on the ventilating sir
Bide, The mmgnitude of the unit thedm~l conductance fc~
along the unfinned beee arecs between the. r~ws of fins
is probably not-the sand as that .along the fins.

If t~~ “fca Rlbng tho uafinaed b.nse are~s is calcu-

lated on the basis of the hydraulic d~cun~tor of the chmn-
nel between than rows of fllzer’its. value Is found to be
about one-half that of fc;, calculated. for lnqinar- flow
over the fins. The bent trr.nsfer nlong” this unfinned
area IS thuB nbout 10 percent of the total when the fc~

... based on.hydrnulic dianeter is used and ie about 17. per-
5 cent of the tota~ when “tha fca based on lminar flow over

the fins is used. The heat transfer fron the unfinned
area therefore need not be accurately known. The actual
value Qf fc~ is probably between the two nentioned.

1

. .“
Pressure I)rop

.! ,.

.Measurenents ~f tho static pressure drops recross the
air and exhe.ust gas sides of the heat were n~de for iso-
thermal ‘pTi80 and non-isothermal conditions ziP, :.1s0,

.“pressure drops were determined for the air inlet nnd out-
let ducts nla under. isoth,ermnl conditions. The measured
pressure drops’ on the exhaust gae side did nst include the
lwsees in the ducting; so ‘pTISo = APHTR where “ ‘PHTR

.,
is the pressura drop e.long the-heater alcne.

*The results of.R, H, Xoryi? and W. A. Spofford (reference
4)”indlcate that the,boundary; layer over groups of flat
plates and oylindriqal fi.ns.is laminar for Rep< 20,000.

Equations (8) and (9) are equivalent t~ equat$on (1) of
referenae 4=

.,

*...



.-——.

. &p-.= ~.~e3”p&-::.’ ,“,:. m ..:-.

. .. .. . . . ...%. :-, ,. ~... . . . . . . , . .:.. . . . . .
was med to dotermina the dimensionless m~dulus.
., m.: . . ..’

.;, . ~’~”.$’$f:;+” ;’””””.” “;;..” .,. .. ..
. .. .. ,. :.-. .,. :

c)~. , . .;*.. . . . . . ,. *. “‘. .. . . “. . . . ..

APHT

+
‘k $; . .,:&, ““’.’.,. . .(

=2mg Y.,,...
..,,

.. ..“
For the v~ntilatting air side; “’“~....

,APHTR = APm - AFDU~T .... .
-is9“

thus

,. “.

(

APHTR .
“~i”io”$>=.z g y ( &a ~,a.. ,.

,,

. .

.m
. ...”

:. - G%;] ““”. ““”.. . . .... . .
The pressure drsps” thr?ugh the ducts s,a the,.,. #

. .

,.
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,
..

.?
.“

(lo)
,.
.:

(lOa)

“in tmblee VII nnd4VIII~ .. . 9...
,......

!Che non-iaotheraal $r~ssure” drop o’f-hither” f~uid ““
through the heat exchanger wnecpredict.e$ f;~rn isothermal
neasuremetite”by means “of “e-quatiori(6) of{r~ferenoe” 1,

‘where ,.. -.... ..”.r..,.#...... ... . ...... .. . ......-
,.. ,. . . . .,”.. ..

. .....” “ .. .
t~tal. n~~sured ”i-sothermal pressti~e “drop:kue. to; ‘ .

‘pTieo L:.... f~lt?tioti”’tit“tezpetiaturk m””y.ieo..“- a “
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r-.
.;, . . . . .

. . . . * !“.*.
....-. -. .. .............. .. ., ..;.. .

T1 and’”:9a”:-”nlxei:AeRn abaaluie ”te-~e;iiuke”o’:bf:flbxd
“ St inlet ~nd exit of “h.e&ter,..re8pectively...-.”., \.. .:,.:,.- *--- ..----- .

Ta arithmetic aver’dg~” of.: T1 ‘“.and ‘~~,

G fluid flow per unit crose-sectional nrca .,...

?~ unit wslght .pf:fluid at Inlet to “hentdr evnluatod at.. ...
tomperatu-Ts -”:Tl.”.. . . .’! ‘ . ...

....
A conprrlson o.f ~easured and predicted non-isothcrn,al

pr~ssure drops thr>ugh, both side.s of thg heatar is pre-
sented In tnbles IX and X And .is bhotin”gi~.phicnlly in fig-
ures 19 to 23.

Yeat trnn’s.~er-~n-dpreseure drop’ d%tn f~r the Stewart-
Warner heater are present~d in tnbles I and II far the
tests using the Amos air shr~ud, in tebles III and..lk f~r
th06e using the UC-1 air shraud, and In tnblos V and VI

‘for thoso using’”tlla UC-2 air shroud.
.

DISCUSSION OF RESULTS. OIJ TH3 SgIZW.lRT-Wi~RYER HWxq3~*

The enth~l~y change ~f .th& vent.ilating nir w~s us~d
t~:d~ter”nime .t.hethar~l”.1output’ of the heater, f:r these
measurements woro noro accurate than thnsw. on the exhaust
gcs side of the heater, Th~ arithmetic nvorag~ heat b~.l-
nnc~’ rati~ ;~g”/ !l~“ ‘Jf nll th~ tost,s W&?S 0.78. It can bo

shown that-a l-porc~nt crrcr in tho deterninntion of
either exhaust gas tezpor-ture Tg # 14007 F EY”.ycause n

20-percent error in the tcnpernture change ~f the exhaust
gas. Thd low .iientbalance rnti?s. shtrlned in these tests*
rny be due to- tbls error in neasurenent.; they rLIEa may be
dud to Inconplote ,c~zbustibn af the exhnust #,”.ses. .

Three air shrouds wero used in these tests. ‘

“ 1, S6mi- ‘or dingohal-crossflow shroud ~designmt”dd
as Ames air shroud). .Clenra”nc.e between heater
shell and air shroud is l% inches.

*See nlso report by R. A. Kepner and A. R. Collins (refer-
ence 6) on results cf tdsts porformod on simlicr heaters
In the Heater Lnborntory of the Stowcrt-Wnrner Co. , Chicago.

n
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2, Full crossflow s@oud (designated aa uC-2 air
shroqd)c . (!learancme between heater .ehdll.and

“. alx’’ehrou+””~e 1A inches (saqe a% “Amae ~iF..m-t-
shrQud)- “ - ‘ ‘ ‘--’----- . -

1

3~-”YUl,lcr,ossfl”ow ‘shr.eid.,(.des.lgnatedas. 17C%1 air
shroud).” Clearauce between heater shell and i
air s4rou~ 1s..1 inc~e: . . -:” .’ ., , .. ..,. . ... .!. .

,f. !Chus.a oo.mpa?.iein’ o,f.$hs.ieiilts obtained when us’ing
the Ames Benrl-erossYlow and ~he UC-2 full croseflow air
shrouds will re”veal. tha effect, on the heat tranefeq rata
and th?mpreesure drops. of, the di~ectlon or manner” ia which
the ~ent~lailng air. ds conducted aofoss the heater,, ~iqoe
all physical dimensions were ident$oal for these two air
shrouds. A comparison of the reeults obtained when tisfng
the alr shrouds TJO-1.and UC-2 .wI1l.reveal the effect, on
thd. pressure drop and’tho ~ate of heat transfer, of d~-
creasing .t.hecr”oss-s”ectlonal area on “the ventilating air
side of the heater. . ...m

. . ..

During the preliminary” tests of tha heater, it v. ?
diecovorod that tha rate of heat transfer was ~ImpPri3-.
clably” affected %y an im.crease of the exhaust gay rate
w. fro”m 6000 to 750.0 .Rounds per hour. (See figure” 7-.)
T~is was an indication that the exhaust “gases were passing
through the. canter. of the heatar and not through tho ch’an-
nels between thp rows of. fins. In order to omeliormte
this. effect, a centraJ core wns Inetallod”in thd exhaust
gas side of tha heater which forced the gases t.o flow
through the channels between the.rows of fl~s.. The meas-

. ured rates of heat transfer wora thus increased atid.varied
appreciably when the exhaust gas weight rato .Wg “ tiaa in-
cire~sed .from.6~00 to 7100 pounds.per hour,
. .

(See fig. 8.)
.- ..

. ~“comparis-on of figures 13, 15, and .17 reveals that,
for the heater without tho centrnl core In t-he exhaust

. gae side, the. ovar-all thermal .conductanoe ,UA at w~ .
4000 pounds per hour an~ .V

~
* 6900 pounds per” hour wris..-

about.137 Btu/hr ‘~ using”t e Ames air shroud,. 142.at31/hr or
using the UC-1 air shroud., and 128 B.tu/hr ‘F using thfj UC-2
air ehroudq.

.. .. 1.-. .
-.Sina6 thO crose-sectional a~eas.and other”d$mensioqp

were. the.seme for the Ames semi-croasf.low shroud and the.
... UC-2 full-cr?ssf~ow ‘shroud, the Increhse of 9 Btu/hr ‘F:

when ualn~ the Aqes shroud must have been due to the
grader alr ,%urbulence, .s.lpce the mlr.probably flowed ~

‘.

- . . . . --- ---.. -..— .

— .—- —— —- --- ..-—
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diagonal.1~ ac’ro~g:.t~e”rbmtie;~f‘$”lotti~ ~l~s drid”””nd~
direct ly.betweeu th”e””f’itis-As,’wit~~’the ”UC~~”-shroud.

: !....-..: .. . ..... .. “.1. . .. . . “.. ” .... ..

Th”e i~creasa of 14 Btu/hr 03 whan’:dsfn~ the UC-1
shroud over the result obtained when usin~ t.ho uC-2
shrbud wae. due to--the doareadbd. ”cross~dsdtlon”a’l Xr.ea of
the former ”.(.l-lu.clearance between hea.i$dr“shell and
shroud as. against 1~-~el Irr;:-clearance), a:i”nc:eall other
dimensions and ph?s cal charactorlstics ware identical
for the “two UC air shro’ud’s.- “ ~ . . “ ‘m “ “ .-..- ,,.’ “.. . .. . . .-.,.

The grbater” oveh-ialL thermal conduc”tanc”~”:obtalna~
in the .rums”using” th~ UC”-”1air shroud ~as c“omp.a.r.edto
the r,uns”using the Amres al:r shroud was du~”””to-the “““
.~.ecreased crnsw-~ect’ional area of the, former.,.a facto:ti”
wh$ch outweighed” the turbulence-formin~g characteb-isticsc
of the dtagoial- ox %enl-cro$sflow ~m”ee~shr”ou.~i This “
greatar heat .transfer”r”ate when using”’tha smaller, but. .
.full-crOssflow; UC-1 shroud was obtaihbd” with a m.ua”h
smaller static prassura drop.

The. measured isothermal preseure iirop alon~” the air
sldw.ef the heater <inlet and outlet air-duct losses stib-
traoted) at an air rate of 3000 pounds”:per h@ur was 12;4
poynde per”square fmot (2.40 in. of wated)”using the Amws
s~mi-crossflow shroudl 5.45 pounds pbr equare”.foot (1:05
in. of.water) for.tho UC-2 shroud; and 8.45 poudds per “

“square foot (1,63 in. of water) for .tb.oUC~l .alr shroud.
.. .

Thus .more than double tha”:prossure drop is enco.un-
ta.ra”dwhen the .ventiLating air Is not caused to flow ~
‘“directly a~o~g,the spaoe .betwoen tho fins, but.is allowed
: tQ flow samewhat, diagonally across tha rows of firis (cf.
p.r”essure drops -using Ames and UC-2 air shrouds (figs. 19
‘and 21 ). “ “

. . .,

“ !ths pr~ssure drip “wae decroascd to ab~ut 70 parcent
of the rnpasirad value for tho Amos ehroud by u“sing tho
UC-1 shroud., which was fully crossflow but had an even
smaller cross-s.octi~nal ,area. . (See figs.. 19 and “20.)~.

,.
It “ca~ be ;al~, tharafore,” that the incraa”se of the

thermal conductance duo to tha greater turbulonco slang
.tho.slott.ed.fins when. using tha diagonal cros~flow shroud
is moro than ,counterbnlauced when using tho full cross-
flaw .shropd by decreasing tha pi’r.sido cl’e.a.rancefrom l%
inChOS tO L lllch. The isothermal and non-isothcrhal pros-
suro dropq $o”r”tho la$tor claarpncs nro only ~bbut 70 por-
cant “of “the v~.lue far tho diagonal crossfl~w ehroud.



17

Thti large. inoreased pressure drop far the semi-
croasflsw shroud w~uld not ‘ba faund when this shroud Is
.uaad on.~th.or typga of hoatersw such as pin-fin heaters;

-. although At would .b.aoxperl.anced “when it 3s used on al-l
heat oxchan~ers With clrcumforentlnl-, continuous ar .saml-
‘c~.ntin~ou.s(slot.ted). fins.. Be”dauee the air is deflected
to flow aver the heatar, the pdesaure drop *n tha Inlet
and outlet ducts. is about 40 percent of the.“tatal pTe,q-
suro drop.with “the hebtor. installad, This pressu.rs drop
through the ducts of the Ames,shroud, WP.S as- much as the
t~t”al pros$ure drop along tho .ducte and.aoross-the. heater
when the UC-2 shroud tias used, ‘ T~e pzessura dr,~p through
,the Inlet and outlat ducts vas,with the Heeter installecl,

u: about 20 percant of the total drop using the UC-2 shroud
and ahaut 14 percent usirig the UG-1 shroud,. ..

...

When tho central core (diam. ~ in.) was placed.$n
..the exhaust “gas side ~f the heater, the.aat cross-sectional
~r”oa wze docrii.n.aedby 15 percent. Thus the over~all ther-
nal conductance,. with the central aare installed (see figs.
140 16, and 18), f?r” Wa = 4000 pounds per hour and

‘~ =
6900 pounde per hour was about 153 Btu/hr ‘F for the. runs
with the senl-crsssflow shroud, 157 Btu/hr ‘F using the
UC-1 shroud%, and 140 Btu/~r..03’ using the UC”-2 shroud.
Those results .Rre about 9 to 12 percent .highor than those
obtained with~ut tho centrml c>re instmllod, tiwing to the

..
w

~ncronsod value cf .G = — in tho space between the fins.. . arfia
.“ on ~thu exhaust gns’,sidQ ~f the heater. “..This result was

br~ught abGut b~tli”by docreasin~~the not .cr~ss-secti~nnl
arom of fl~w nnd by forcinp tho gas ta flow through the
spaces between the fine ruther than fhraugh the open cen-
tral space. ..:

The increase. in UA due only to the decrease In the
net cross-socti?nal kroa (increased Q)’was calculated
to be 5 t~ 6 peree.nt.; thus tlia.rome.lnder of t“he.9.to 12
percent incrbaeo In UA”’repofited @hove must have been due
to forcing the @xhsust gcibeeit% flow through the spaces
between “the fins. . . . .. .

The’ lncre~se in “UA. ,b~ Use of the. central cor.o .
wauld have beoza much greater “at hi.ghor exhaust ,gas r.a.te%
.(say 7500 lb/hr) than. tho.lgcroase rpp?~ted abQvo for

‘g
= 6900 pounds per l.i.~tir.An Inspectiori >f..figire.l3

reveals :tka$ when t“ho”.cegtral core was not :used UA *dId”
,- n~t change a~pqec~a.%ly tihdn . Wg was Itlcreased fr.~n 6000

.,. .. . ... .
. .

. .. . . ~:
. . .. . . . ..

. . . .
. . ..- . . +.

. . . . . .. .. . . . . ..

.- — ——— - .-..-
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tti 7500 pounds per hour, but the use of the central core
partially. remeL@d this ,c~ndition. .(S~~::fig...l~:v*)... .

. . .“. ...:.,
The.”us9\~Qf’ithe ce.ntra~ lcore .doublod :t”hajstat~”c”p“reLs-.

s“ure drop .on th”e”e“.xhaus.t..gsa~B“i..deof the heatcr”~ At “an...
gxhaust g-as.,r.a.teoi ~00~. pau.nds:,pe.r.hsu~.,”“She lsothorm~
pressure drop .lacr~sad. fr.pm about- 10: pounds.ipra~.square ,
f“oot (1s92. in- of ,wat.er) to. abo’ut.’.20 pounds, per square
foot (3.84. in. .of wat,$r)... The increase. in,,th:@ls.o,thez~a~
prs.ssure drop duo mer?:ly ~to.ths ~d.ecr.assk.dtnet::cross- ..
sectional”. erea (in”creasad G). wo~ld. have .h”aano.nl$ about ,
.40.percent Or .4, pounds per square foot” (10.77. :i-p.. ..of“water) .
Thus..t.he r.emain-der.of the 10. p~unda par squq~e...fso~ prGs -
.sure drop. Lncroasa resu~ti~,g .fr.omuse of. tha central .cor.p
‘was due to the i“nsrgas~d .flo.w.in the channelk or”“spaces.
batwoen the ro:w;s of sl.ojt;d fins: The. m~s.u.r.o-dand pre-.
dictod non-i so~herm~~ pressure drops were a.ls~ about twice
as large when .th,~central core was used. . (Cf. figs...22 tind
23..). .. . . .

,. . .
The” ”arithmet16 avorhge of..~ll the sl-ope~ iif the XF

against .W ..cUr”ves.“(figS”;l~””tb”23) 1$ 1.78. This val.ud
of the etionent l? to be .ex.pectad, ‘for the Isothermal. .
frictional pressura. drop Is proportional tb.. ~i~c W“F.”kud

beta.use.i.~i~oa- .the Isoth.ernal. friction f~cto.r, is ~r.;a~ar-

tfonal .ta W-Q-%. (~l~o.m 2e-0”.a) far the .turbulbnt raglme,

*bus tlie”%talvic $iessura ‘dr3p .-AP is pro.porttomal to @= o-o-a
or ~l. eom l15wever, the p.rcssure drap on the air side ~f
tha heater usln~ the semi-crosGflow shroud iw due not “cn-
tiroly t~ fricticn but partly ts eddy and waka-format.ion
losses. . .. . . . . . .-

..
An ins~”ectian of “the prossurb drop plots ~e:voals

that, for the air side ~f tho heatar, tho slop-o of the. . .
n~n-isothermal prassura drop curve Is less than that of
the i.s~thermal curve.. It cen be sh~wn that,. <or the .
ventilating-air sido th~ S1OPO of the n.~n~is~thermal.
curve must be less than the isothermp.1 one, becauso the
f~rmer is a.hi~ valuo (ths temperature of the air is
higher) and. mu,st caincide with the isothermal va.lua at

*The effect .d.ueto the use of. the central c~ra is not

sh>wm as cle%rly by tha. results fr~m tests using tba UC-1
and UO-2 tir shra.uds; since the hi,ghost values af exhaust
gas r~ta, whore tha effect would have been most noticeable
ware not attalnablos owing to the additional resistance .
caused by the prasence of the core.

— ...—. . . . .. . . . -—.. , , . . .



19

an infinite air rate, for which condition the temperature
rise of the air would be zero (Tlgo E Tax s Taa, i.e.,
isothermal). .(See figs.. 1?, 20, and 21.). . -..-, ,..,- .

For the exhaust gas s~de, thg non-isothermal curve
should have a gre-ter .slop~ than the isothermal curve-- --- .----
because the exhaust gaa is-cooled. The laet term in .
equation (11) is negative for the case of a fluld being
cooled and ig les~ negative at high fluld rates, for the
ohange iri fluid temperature Ie then less. Also the first
term on the right side of equation (11) is slightly
higher for high fluid rates, since the Ta ie greater “

(fluid dces not cool as much at h!rh fluid rates for the
came heat” transfer rate as at low fluid rates). Thue the
combination of a term vhioh incrsas%s with fluid rate
and another term which becomes less nap~tive at high
fluid rates yields a sum which tncreases with the fluid
rnte, and tharefore the sloTe of the non-isothermal mree-
eure drcn curve would be greater than that of the i90-
thermal curve. (See fige. ~~ and ~3,)

The calculated values of
(

“] do nottiso ; indicate nny

4specific correlation of the results o t.ained with the dif-
ferent air shrouds and on both sldee of th+ heater. (see
tables VII and VIII.) ,

On the exhaust gag elde, the value of t~,o could be
predicted within 13to 30 percent by means of thg friction
factor ~gain~t Rdynolds number relation for commercial
pipes, evaluating ite for the channel Or snace between the
fins. (See refsrence 3, fit-. 7.)

It is very dtfficult to predict the magnitude of

t iso for the flow along the narrow fins on the ventilat-

ing air side of the he-ater,

The agreement %etveen the measured and predicted non-
isothermal pressure drops along the exhaust gas side of
the heater Is very good, The corresponding agr~ement for
the alr side la not so good since the nressure drop over
the nnrrov fins on the air side is due, to a great ext~nt,
to caus~s other than frictibn (i.e., eddy and wake-forma-
tion losses) especially for the Ames semi-crossflow shroud.
The value of ‘pTlso .which 1S to be substltu%ed in equa-

tion (11) to obtain the pr~dicted friottonnl non~isothormal------ ----
pressure drop should be that aua to friction alone.

---- ...
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The average heater surface temperature on the side
of the heater where the ventilating nir entered was c.bout
7500 F: wkerea8 that near the ventilating air ~u.tlet was
about 1000° IT. The tompar~ture of the henter-she21 sur-

face o.t a point intermediate between the entrance and
exit air openin~s was lower in most runs than that at the
air entrance ar exit. This result is questionable, for
the lowest temperature should bo found near the point
whore the cool air impinges on the hoatar (i.e. s near the
ventilating air” inlot)a The thur:~ocoupla lead-in wires
were coaduotod thr~u.qh ths v“ontilatin< air stream nnd
although they were thermally insulated somo error in the
tempereturo maasuramont was to be expected because of
the Ilcooling effectlr of the nir on the lend-in wires.

The pr~dicted magnitudes
cent nbova those derived from
This discrepancy wns probably
reasons:

C)f UA were about 80 per-
lnborztory measurer,ents.
duo to the fbllawing twa

1. The value Sf the weight rate per unit r.rca G of
either fluid calculated frJm tha total wai,;ht rnte nn~
tho net cr~ss-sectional aron pr~hably did n~t ~bt~iil In
the restricted channels between tho rows ~f fin~. The
actu’~1 fluid velocities ?.long tho fins ‘jr ch-.nnels wara
smaller than those in tho cantor ~f tho fluid passages.

2. Thn externul r:td internal fins wore not pl.need
in intim.%te c~ntact with the heater shall. Only m nron
of about one-half the total ciasfi+-sectional crea of the
fins wns welded to tho heater shall by aoans of snail
spat walds. TE.e spot welds which wore in direct contr.ct
with tha IJRSO metal were plncad on the aver:..goat ,=.g-~rox-
imately 3/4-inch intarv~ls slang the bnsci of tho fins.
The ~ram which was n~t spst-welded c~uld hnve b~o~ insu-
lated from tha basa by n sncll gas film or scale. (Seo
appendix.)

This condition nny ‘c::usefailure owing tG’ c::ccss;~a
local tomperaturos on the gc.s -sido wilen usad In an actual
n-ircr~.ft instnllntian.

If tha heater were c~nstructed without fins but opar-
ated so that tho sana valuas ~f fc w$re ~bt?,ined as ware
found along tho finsr the rlngaitude of UA nt Wpw=
5000 pounds per haur and ‘~ = 4490 pounds per hour would
be 47 Btu/hr 03’. The neasured UA fcr tho finned. hoe.ter
(using UC-1 shr~ud and cantral core) w~.s 144 Btu/hr al?;
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whereab the predlc~ted. val,u.ewam .263 Btp/hr ‘FE, Hence. the
m~gndtude :03 :t3k. Was” iilO=bfl@ “9.713t~/h>”oy” by the: ~ddL-
t.t:o.n“o”f~the” f ins.~.’ ‘@t tin lncrpci8q af about ~L5 ,~tu/hr ‘B
could”.be. b.btti3Ytati’”,b.y-”h more’ p“erfeqt-fusl”hg of the f“ina” to

. . . . . tho hbat.er:~hbll.:’ -’”:!- “ “’” “.”.”.:. - ..~ “:- .- .
. . .“ ...,.:\..”.,.1 ....... .. .f-.~...... . . ..
---- .“.
,. .9!he.correbtioq ‘to fhk o~u~tlens:””foq qvaluatiri~ ~h~~
unifi “thermal: co?aduottirice fc “.due-.to thb”.variatlori, of, .f.
nsar;fthe oin16t””to .a“p~~e”,”chanriol, o? space bekw~~a .adJa-
cant.”fln8 “(see Peference”,7] “.IBgegligib~q Ih” t~q. c~mguta-
tion.”of thb ‘.fc“ for thii hea%qr. ‘On t~e “6xhaust g4B ~~de
fibs”.ratioiof. the-hydratil~c diamater of the “,c$~nbl: or. ..;
:.space between ~fha.”tilbtted’~flas~to”t’he lenjj~h.of. $ho ,cahan-
nel clo’O..:”~m/L) is 0;’”0?3;&rid,“aifioe thq ~Q.~r6ctio~ -to
..equation ..

)
.7).-forthie : ~~ffi,“effectllis. tho.-mu~tip~i ar,.c..~

l+lal DL, tihe’:cordactbd f. “would be O“rilyabout 3 “
peroent greater than that co:mputed by mean~. of ~-qqation
(7) as wrttteh”abov”e. . .,r ... .

.,:. . .
:, On ‘tha.veriti.lat%ng air “sld.a the fins’ are so “narro$:

.(1/4” lm.) that. ’the boundary layers along these f-ins are.
probably Zaminai,” ana oqu.a’tion (9) applies .withnut the
correizti’cinfactor mantf”o..ned. 1,.
-... . .-:. ,,-.,

.. . .
.-. CONCLUSIONS

. .
..

.“ .,. .‘:
.. . . . ... . .:
1. The rate’of”lieat tr”ansfar of the Stkwa%”t-W”arner

slotted-fin heater utilizfng threa. difforznt ai~
shrouds was nearly the samo for each. (about a 10.percent..
difference between the semi- arid-the fyll=crossflpw -air
shrouds).

2. The static pressure drops through the air side of
the heater were greatly affected by use of the three air
shrouds- The semi-crossflow shroud caused twich the
pressure drop measured along t~e,q~milar %ut full- “
oressflow ‘Shrotid.; The pra,agu~e drop”.was”gra~$er fir the
semi+croesf”lct~ 6hfio”udbec”ausd of the ,p,r.assurq.los.ses“in “
the a.rlgular ililat arid‘“outlet ducts and a~so bqc~use.the
air was not completely deflected so that it flowed over
the heater at right anglas (i.aY.~between.,t he.rows qf fins)
but waa allow’od t~ flow” somew~at diagonally a~rass “the.. -
rows of fins.

. .

..3. ~he”t4@rtial effective~bss of the copper-slottad
fins used .oh thi$”h.eater tias’”consi”dehably reduced by two

—
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factors. IPirst, the fluids did not flow “in the spacps
bbtween the f,i.nsbut, for the most part, flowed” through
th& O-pph”paz.ts d$:trhb:exhaust. g“as:.’andyanti~t~qg,air . ,
passa”ges. Beco-nd.ly; thd thermal.”r,esistapcq: to heat.:.
transfer was~gra.atly Increased ‘owing.ta ,t.he“ltml.ted cou.q.
ta’ct~ibd”b’etueen. the” s~ot.ted fins. and..thq tieqt+r ghe:.la .
It would be advantag~ous to USG a smaller; .number of morq”-
perfectl? attached fins and thus obtain e~ulvalent heat
tran.dfer ratas”.lnat with cg”nsiderably less pre~s.ured-rop
as we.ll:ad .effecli a “gr=at savin’g in tho weight ..of%the ,;..
finned nhea%eti. .Thsra~also would,ba loss danger jof avem-
heating”60h.e d6tal surfaces; such as tha. tips of the fins
Ori‘the”exhaust gas side, fad the rata of heat tr~?sfor .
through a-we”ll-attiached fin would be greater and lts..ta~-
P&rature-wduld bo correspondl.tigly 10WGF.. ..

.. . . .,..,
4~.Ati attempt was”’made”to force the e.xh~us~’gas:to

flow Iri.the ’”space.betwean the fins instead ”sf,through . :
the open central p.~ssago by installing u mqeatro.1 aoren
In this side of the hemter, Without the use of.this cen-
trnl core a consl?erable vc.riatlon of high mangituiies of”
exhnuet gas w~ighti.faies did not cause an.appreciable
chsnge in”.the rata of heat .transferi T!le use of:~he team ,
tral cord, ‘hcwevoz, forced the exhaust gee to flow. alorig
the slotted fins and, together with the inprease in. .
exhaust gae rate par unit of cross-soctlonal area, caused ‘“
the heat transfer rate to increaae. The static pressure
drop, however, was increas”bd &t a greater rate. .

University OY Califarniaj .
Berkeley, Golif.

. ... .. . .

... . .
A??E17DIX

.. . . .‘m ... .

The foil’ow~ng .muthod was. u+odto predict the”“addl-
tione.1.thurmal rosistcnca through the heater, owing to
the impar.foct:contact between the slottod fins and th.o.
heater shell. . .

. . .

This additional thorkal rosistanca consisted of
threo partsl I

l...Thermal r~sietiaric,e‘from basa of copper fins on
exhaust gas side to point of spot weld”

..
. . . .

.

..
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..2. Thermal resistance through Inconel heater shell
at point of spot weld a.

3. Thermal resistance from spot weld to base of
. . . coppe~ fins on ventilati”ng” air side of.heater

By means of a thermal flux plot (reference 8) the.
magnitudes of the first and third above-mentioned resist-
ances were estimated to be 0.38 x 1~3 0F hr/Btu.. . ..

Tho seoond thermal resistance (through the spot weld
-in the. Inco,nel .ahell)”was evaluated from *he”expression
. .

q ‘s. ‘aDot-weld 1 ““ ‘ ..... . =
z.:”” L~ resistance . ...

ThL3 total area *8pot-weid* which weiQ spot-welded (assum-

ing one spot weld of 3/16-in, diam. per 3/4 In. measured
..

along the flh base) wad 0.153 square font , the thermnl
conductivity k~ of Inconel was taken to be 15 Btu/hr ft2
(°F/ft), and th~ thickness
inch. Thus

Resistance =
LB “

ks AsPot-weld

The sum of “the three”

Ls of Inconel shell was 0.047
..

0,047/12 ‘F hr
= = 1.70 x 10-3 —

15 x .0.153 Btu .
.

thermal roslstance was then

(1.70 + 0.38) 10-3 = 2.08 x 10-3 ‘2’ hr/Btu =.Rtota~. The

“over-all thormnl conductance UA wns then obtained from

fly””(l)” “ “
but.(~)ea +(T2eE

wa”s the reciprocal of the over-
..

all conductance UA previously computed, which neglected
tho additional resistances through the base of the fins
and the heater shello As mentioned under .~iscussiono t“ho
magnittide 0$” UA bb Wa,= 5!200 pounds per hour and ‘Wg =

4490 pounds per hour,was :calculated”.to be 262 3tu/hr 03’.
Thu~;.” ”””,. ,

..

(
1 \,m

()1 1 1
+— a— —= 3.82 X 10‘3 ‘F hr/Btu

~je a $CA eg UA = 262
. . . . .

!L
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.. -..1.
. . .. . “.,. .. .. . .

. . . .. .
Ther.eforQ., ~.,..:.i .“”’.. . .. ... . t.- .. ““.: “

... .

/1’
) = (3,82, + .2:,98,):lO-a

.... .. is :o;’’”h=)/tmu
=“.“5.90’,x 10..

~zthtal .%:. .- r .-. . . :.. ...-.; :.... -,.. .. . ..
or””. “

...:...” - .-
.“;’. .. . .......“ ,.

= 1%0” Btu~”hr ‘~ “’.“..,.’ .“ ~. “ “ .
~.

(UA)tota~ .. . . .
.“. , “... -

The magnitu~e. of UA ..for. “thl% heater’ dsr.lved from”
laboratory mea”su’re”men.tswas “144 Btu/hr ‘1’.

.. . .

it 8 lowor air rate ~a =“ 2000 lb/hr ,the predicted
(UA)total wan 148 Btu/hr ‘F by t~p “method abore..,and ty.e

value derived from’ ~alidtato”r~ data was 116 Btu/hr ‘F...

Although the method indicated reveals that the re-
elstance of tho shell at.the. spst w?ld ie one of the detar-
minattve resistances, it cknnot be. used for prediction of
the characteristics of thiE heater. Thls!ls due to th~ “
fact that. the”assuqpti~ns with respect to the dimensions
and the distribution ‘of thti spot welds were ob.tained ’bj
exatiination of two or thres ro-~s of fins on the in~ide .
and” outside of the heater, AISO, it was assumed that the
heater shell and fins were in contact OnlY at the spot welds.

...

These assumptions.oanho,t- be generalized, and hence tho
method iS of ~ini~ed utility for prediction of the t!~ermal
c~aracterietlcs of this hec.ter or others of a similar type.
Exact knowl~dge of the dimelisions and the number of the .
spot weld~ is necesuary for accurate pr.eriiction, but that.
can bo obt.ainad only IJy dostroy$ng tho heater. .

Even If i’t“werd possihla to obtain tho necessary
dat~ for prediction of the resistance of the spot-welded
shells calculations .of t!la tfiermal output would” still bo
impeded by a lack’of knowledga of the true weight rate
per unit of cross-sectional area G o~e ventilating
air or exh~.ust gas along the spaces (or channels) between
the rows.of fins.

Tho apthors wlah.to express “appreciation to th~ fol-
lowing persons. who helpsd obtni~ o“xperlmoutal data or
prepare t~is report: Messrs. S. L. Scordolus, Il. R.
Eerguson, E, E. !fc~aughlin, G. T.”Rowo, A. G. Guibort,
and H- (3- Dennlson.

.

..
. . .
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TABLE I.– STEWART - WARNiR *I,’ SLOTTED-FIN TYPE HEATER .

AMES AIR – SHROUD —— C.ENTRAL “’CORE NOT IN GAS $ilDE N
m

,.
. . .OVERALL

c AIR SIDE ‘ . ‘E XHAUST–” GAS SIDE- “’ HEATER TEtiPS. . PERFORMANCE-.

,.

/02 303 .20/ 2560 4.08 125 /4/5 /325 90 4230 3./0 /05 L?84 TEMPERATURES 1170 /07

100 263 “/63 35/0 6.97 /38 /437 /32.5 //2 4280 3./5 /32 0S6 &;;;E”D “. ‘.. /200 //5

9S 239 144 4/.90 9.60 /46 /420./3/2 /08 4280 3/S /27 087, /200 /22

97 22S )28 4900 /2.6 1S2 1437 /303 134 4280 315 158 /04 ; , . 120S 126

95 212 /17 S650 ld9 160 /424 /308 /16 4280 3)0 /37. 086 12/0 /32

96 228 132 5650 j~o /80 141.91338 @l S965 620 133 0.74 /220 /47

S7 248 151 4920 /3.I /80 /455 )3S6 99 S965 6.2S /63, ,090 /230 /46

97 2= IS% 4180 10./ /60 1446 1356. SW 59656.2S, (48 0.92 /225 /3/

97 282 185 3JV0 6.57 1S7 1464 1373 S1 59/s .6.30 /48 094. 122S 128

97 ~2z 22$ 2600 449 141 1428 /377 51 ~g~s 6.4~ 830 ~~g ~195 118
... .

//0 d33 223 2620 +85 141 1415 /368 47 70/0. 8.80 90.5 0.64 //70 /20

/13 2.98 /85 3490 105 1S6 ~433 /38/ 52 7020 880 /Oti Q 64 /200 /30

/04 272 /68 4230 /C!6 /72 /4// /343 68 7010 865 /3/ 076 //90 /44 g

/08 254 /46 4900 /3. 2 )73 /407 /343 64 7020 870 124 0 7Z //95 /45 $?

/08 24i$ /’37 5700 /(S5 /89 /4// /343 68 6.=0 8.60 130 0.69 L?OO /S8
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TABLE I.–STEWART-WARNER *I SLOTTED-FIN TYPE HEATER

AMES AIR –SHROUD— CENTRAL CORE NOT IN GAS SIDE

OVERALL
AIR SIDE — EXHAUST –GAS SIDE— HEATER TEMPS. PERFORMANCE

37 /04

38 /04

39 104

40 /04

41 /05

44 92

45 90

46 .90

47 09

242 /38 5600 }sd /87 /398 /299 S.9

254 /50 49I9O 13.2 /8/ /403 /29/ //2

266 /62 4(0 9.7S /6/ /390 /295 95

282 178 3460 Z40 /49 1394 1308 86

335230 24%0 4.31 /38 /394 13/6 70

2// 1/9 56S0 /S3 /62 1433 /304 /29

228 /38 55.50 16.4 /85 1428 /360 68

223 ~33 SS80 /58 /79 /403 /32/ 81

225 /36 5640 IJ17 /85 /420 1338 82

7s30 S!30 205 [/0 TEMPERATURES

7530 935 232 /.28 NOT

MEASURED

7$30 9s0 /97 122

4330 3.40 154 (295

60606.70 //4 062

6970 8.i90 /55 0.07

7580380 /7/ C!92

//75 /’59 I

//70 /s5

//60 /39

I

/2/0 134

/230 /S0

1205 /48

1220 /52



TABLE II= STEWART –WARNER

AMES AIR – SHROUD—

*I SLOTTED-FIN TYPE HEATER m“
m

CENTRAL CORE IN GAS SIDE

OVERALL

AIR SIDE —EXHAUST–GAS SIDE— HEATER TEMPS. PERFORMANCE

4%D 9& 252 /S4 5800 /5.4 2/6 1437 1330 107 6880 /60 203 094 ~~~P~~AT~~~S /2/5 /78

490 98 2s8 160 4950 1300 /92 1442 /373 69 68(90 161
NOT

130 0.60
M~AS~~~ll IZ30 1S6

SOD 98 289 191 4220 /0.2 /9s /428 /373 SS 6~0 161 !04 0S3 /205 162

S1D S& 320 222 3020 S88 /62 /428 /38/ 47 6920 /6.3 89.4 0.56 /2(29 /3J-

52D 89 265 /76 4600 5.9S 196 /424 /364 60 7110 /68 //7 0.60 /2/0 /(S2

53D 88 Z= 20S 3770 4.70 /87 /434 /390 43 7/20 /tZ& 840 045 /220 /53

J’4LJ 87 327 240 2830 3./4 /64 1424 /368 56 6870 IZI /06 Q65 /240 /32

550 83 249 /66 4600 585 /85 1424 /334 90 6160 /38 /53 083 /2/5 /52

ii6D 83 277 194 3790 4.57 /78 /428 1347 8/ 6090 13.8 /36 0.76 /205 /48

570 88 322 234 2760 2.S43 157 1424 1368 56 6090 /38 93.8 0.60 //90 /32

58D 93 Z@ /SS 4480 6.27 /68 /437 12d9 /38 4520 769 /7/ L02 /200 /40

5@L) 94 266 /72 3930 524 /64 /424 1308 //6 4490 764 /43 0.87 //80 /39 ~

60D 9S 285 /90 3260 4.07 i50 /4/5 /299 //6 4500 760 /44 096 //65 /29 z

61D /00 326 226 Z430 2.7S /33 /420 /330 90 4380 Z26 10.9 082 1160 IIS



TABLE llI.– STEWART -WARNER *1 SLOTTED-FIN TYPE HEATER

UC ‘1 AIR–SHROUD — CENTRAL CORE NOT IN GAS SIDE

99 SU 258 /68 4320 c129 176 /426 /375 5/ 6860 9.76 96./ 0,5$ 684 S22 5S8 1220 /44

/00 90 292 202 3U50 3.70 /67 /434 139/ 43 6880 S?82 8i4 0.49 744 SW 6S0 /2/5 /37

/01 94 323 229 2730 2.52 148 /4/0 1364 46 6070 9.63 8~0 059 783 1003 684 //70 /26

/02 92 363 271 2/70 L6S /40 /405 /37/ 34 6900 S.72 64S 0.46 825 I- 735 //60 12/

/03 89 246 /57 4320 52/ /64 14(X /339 64 5890 730 /04 0.63 750 884 563 1205 136

/04 90 285 /95 3430 3.60 162 /420 /374 46 5920 735 748 0.46 727 9S6 624 1205 /34

/05 S/ 3/6 225 2690 /?44 /47 /424 /380 44 59/0 73/ 71Ji 049 778 101/ 672 //95 /23

/06 92 35S 267 2150 /65 /3.9 /427 /394 33 5920 735 53(S 0.39 825 /057 727 1175 1/8

/07 98 329 23/ 2/40 LJ_7 /20 1390 /329 6/ 4400 4/3 7&4 063 723 10A5 650 //45 /0S

/08 94 292 /98 2740 2.3S /3/ 1408 /328 130 4500 4/5 99.0 0.76 680 460 594 /175 ///

/09 .94 2519 /64 3470 3.54 /38 /40/ 1296 /05 4500 4J2 /30 Qs4 628 $05 S45 /170 //0

//0 .94 230 /36 44Ci2 5/4 145 /400 /295 /05 4500 413 /30 c!90 576 855 502 /180 i23 ~



TABLE IIZ.- STEWART-WARNER ‘1 SLOTTED-FIN TYPE HEATER

UC *1 AIR-SHROUD — CENTRAL CORE IN GAS SIDE

OVERALL

—AIR SIDE c —EXHAUST-GAS SIDE — HEATER TEMPS. PERFORMANCE

82 D

83 D

84D

8S0

86 D

870

880

89D

97

97

/00

100

99

96

95

94

282

3/3

346

380

37/

333

299

268

185 42S0 320 IW,0001420 — –

216 34S0 3.78 l%q@O /420 1373 47

246 2740 261 l@,000/424 1377 47

280 2150 1.77 }4.$@O1424 1390 34

27z 2170 [75 j4~ooLl1415 1360 55

237 2750 264 15210001424 1368 56

204 3’450 .3.7717QOO0~407 1338 69

/74 42S0 5.23 /79000/404 /33/ 73

6800 /655 — —

6800 /6.66 M,om 990

6770 /665 8~XW .J37

6770 /G%? 63,400 .437

5800 /.340 84000 .6/3

5800 /346 89500.565

58/0 /3.45 110000.646

5840 /J50 IIZOOO .655

702

748

796

896

754

772

7/4

667

9S8 776

1007 775

/046 860

/085 .902

/064 7S7

/028 684

974 663

926 622

/220

//95

//75

/200

//40

//80

/175

//80

/56

}s/

/39

/21

/25

/34

/45

/52

90D 94 2SS /6i 432o 5/6 /66009 14/5 /299 /16 44go 8.00 /4.3000.8S2 622 897 S74 }/80 142

91D S)6 289 /93 3400 3.59 i5qOO0 /424 /32/ /03 4490 8.05 /2ZCtW.800 676 955 624 117S /35

92D 99 324 22S 2740 2.4S 14S!0001424 /343 81 4480 797 /OQOOO.670 723 /006 672 //70 /27 ~

93D /0/ 364 263 2130 [63 13~000 /424 /351 73 4470 8.0/ 8~700 .660 780 iO@ 727 /150 /18 ~
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TABLE Y= STEWART-WARNER ‘1 SLOTTED-FIN TYPE HEATER

c1
>

Uc q AIR– SHROUD — CENTRAL CORE NOT IN GAS SIDE

OVERALL
—AIR SIDE —EXHAUST- GAS SIDE— HEATER TEMPS. PERFORMANCE

III 90 242 /52 4280 3.06 /58 14/1 /360 51 6920983 96.9 061 688 962 663 1220 /29

1/2 91 27/ /80 34?0 2./4 149 /405 /369 36 &UO 987 682 (246 7@ 1020 7/+ A?W /24

/13 89 298 209 2670 /.40 /35 /409 1372 37 6920 97S 70.4 05Z 790 /063 70 //95 //3

114 92 329 237 2140 0.96 JZ3 /402 1364 38 69009.80 72.0 0512 8421106 823 //80 /04

//7 92 259 /67 3470215 140 /393 /340 53 5850702 8-$2a6f 701 977 672 /190 /18

1/8 90 226 /36 4590325 /51 1384 /330 54 SGO ZOO 86.8 058 643 920 W /200 /26

119 91 221 /30 4600.328 /45 /4/6 1344 72 4500 431 8ZI 0.60 611 901 SW /220 //9

/20 90 248 /58 3S90 2.20 /37 /422 13S8 64 4510 437 7Q4 C?58 665 970 (H9 /2/S //3

/21 93 280 /87 2780 L45 /26 /430 /374 56 4SW 43/ 68.S 054 72/ 1020 701 /215 /04

/22 95 3/4 2/9 2/50 0.90 1/4 /429 13&l 48 43-W 432 5Z9 tMIi 778 /078 766 1200 95 s
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TABLE XI.- STEWART-WARNER ‘1 SLOTTED-FIN TYPE HEATER

Uc *2 AI R–SHROUD— CENTRAL CORE IN GAS SIDE

OVERALL
AIR SIDE ‘EXHAUST–GAS SIDE— HEATER TEMPS, PERFORMANCE

Run l%, TQ, AX Wa Api 94 Tg, q= A% ~’ A~ $ja f’ t. t, t. At~ (U

&s -s KOtu .F .F .F
k. ‘F “F “F ~r

& I;=y ~fi F OF .F *F ●F ,,,

HaO ~ M hr ~~

70D 93 26/ !68 41.!M3.85 170 1413 1374 39 6820 IZO 73.1043 765 /017 724 12/0 /40

71D 92 270 /78 39@ 3.S0 168 }412 1372 40-6840 IH 758 ~.45 782 N24 736 J210 139

72D 94 292 @8 3250 2.58 156 /420 J368 52 6820 174 9Z5 (262 822 /062 782 1200 /’30

73D 95 334 239 2420 15@ f40 /420 /390 30 68/0 /75 56.2 040 89J JIZ2 852 1190 //(9

74D 83 25/ 168 42303.80 172 M24 1343 8/ 5810 /3./ /29 0.75 718 986 699 /220 /41

75-D 9/ 262 /71 39403.45 /63 /435 /35/ &4 58/0 /3.1 /34 082 736 /0../ 708 /220 /34

76D 95 28.5 190 3200 2.45 ~47 1420 /’356 64 5800 131 /02 069 786 /044 740 //9S 123

77D 93 323 230 2450 L60 136 /428 /360 60 5&J0 /3/ 962 0.7/ 642? /094 822 1/%0 //5

78/293 23& /45 4330360 152 /415 1326 89 4430 795 /08 d71 6S0 .!355674 /205 /26

79D 9S 2+6 /5/ 39803.36 146 14/.213/9 93 4280 Z29 //0 07S 699 95S 6.90 12CV /22

80LJ 93 271 /78 3300 2.46 /42 /459 /335 /24 4290 Z33 /46 /.03 73 978 729 12/0 //7 g

81D % 304 208 2520 1.66 /27 /420 /350 70 43/0 73/ 8.300.6S 75/ //22 808 //05 /07 ;



TA8LSVIII

STSWART-WARWSRSLUTTEO+INHRATSR

I~othermelpressureDrouhti(b) ~

TABIJVII

STEWART-HARNRRSLOT’TSO-FINREATER

I.sothenmlPressurehopDStn(n)
Ventilating-AirSide Exlmust-CssSiiO

Wa Ga APmm

lb/iu lb/ft2hr lb/ft2

‘b’
lb/br

G
g

lb/ft2h?

AP
~lao

lb/ft2

LjPmR

lb/ft2

4 %iao= Apm
lb/ft2

1.

2.

3.

tmillgAmes Air Shroud 1. Without Central Core

km

100CXI

2. withcentralCore

boo

6c00
10030

2000 J,NJ
000
Loo lh:ml
5W0 18,km

2.60
6.40
10.2
19%

6. 0
12..?
21.3
27.2

11.02
8.4

14.8
22.6

2.52
5.45

$:2

9*1O
18.8
31.5
h7.o

):5

17.5
26.8

3.25
7,ca
12.2
18.8

7.03
5.@l
5.78
4.71

4.6o
9.70

25.0

0.699
0.658
0.610

mingW3-1 Air Shroud

2000 9.86il
3W0 14,800

19,700
50Q3 24,61xI

9.40
19.9
51.3

l.q
0.956
0.E!89

0.73
1.55
2.70
4.15

2.45
2L20
2.27
2.20

‘b)pre.suredrops obtained from plots of AP versus Wg

ming UC-2Air Shrcud

A‘Ti,o = Overall pressure drop, lb/ft2

A DmR = Pressure drop across heater only, lb/f’t2l!wE-M-..
2.73
2.63
2.5
2.J

(a)Resmre drops obtained from plots of A P versus Wa (lo)

air shroud duets (entianceand exit seotions), lb/ft2~pDUCTx Ree8ure drop in

~ p~R = Pressure drop in

APTieo=Owrall pressure

If

heater, lb/ft2

drop = 4 PDUCT+ A Pmn , lb/fi2

(lea)

w
u



TARLR IX

STEWAR!f-lWARNERsLOTTED-FIN HEATER

Ron-Isothermal Pressure DrOD rhta

TABLE X

STEW’ART-WARNIIRSLOTTED-FIN HEATER

Non-Isothermal Pressure DroD DataVentilating-Air Side”
Exhaust-Gas Side “

Measur%d__
isothenrml
pressure
dro (d)
A&.
lbs/ft2

Predioted
nOn-
isotherm:
pressure
drop
b?

lb/ft2

18.8

29.9
:.:

67:9

7.00
11.2
15.9
1s.5

8.73
13.3
19.7
27.9

—
Measured
isothermal
mes sure J

easure
nbn- ‘1
isothermal
pressure ‘R
drop

Ap
lb /iY2LL

Run w~ Ga
No.

lb /hr lb/hr ft2

‘2

‘R

T
a

‘R

nOn-

isothernml
pressure 4

nOn-
isothorml T1
pressure
drop ‘R

bP
ibs/ft2u-Run w G

No. g g
lbs/hr lbs/hrft2

~2

‘R

Ta

‘R
ho (0)
A#’T;
lb /fty

drop
Af’

lbs/ft2

T~sO 558°R 1. Without Central core1. Ames Air Shrcud
T~So 561°R

5.20
9.6o

13.0
14.7

31 2600 10,700
40 3L60 14,200
24 4190 17,2w
38 20,500
46 % 22,900

lb.o 23.3 557
;;.: 564

555
74:5 561J
82.0 550

782

%
714
683

783
745
722
711

am
805
773
742

69
653

$;
616

g
636
632

703
683
67o
650

24 4280 20,500
5970 27,500

% 7020 33,600
39 7530 36,000

17.2
33.0
44.6
47.1

1826
1865
1835
1802

1835
1817
1839
1843

23.5

33.5
45.5
56.0

1772
1816
1803
1755

1790
1759
1794
1790

2. UC-2 Air Shroud T~so 552°R
2. With Central core

77D 2J.L50 8,800
76D 3200 11,600

% i% %;:

Tis. 551°R

11.0
11.7
21.0
25.1

4.8o
7.90
11.8
13.7

8.31-I 553
12.7 555
17.9 551
19.7 553

61D L380 2k,600
60D L5CI0 25,300
55D 6160
h8D 6580

34,600
38,7C0

39.3
11o.3
75.4
W.6

37.7 Imo
39.4 1875
71.6 18eL
83.1 1897TisO 551°R

5.l!5
8.60
13.3
19.7

3. UC-1 Air Shroud

-L
8.90 560
13.11 560
19.5 557
27.3 557

(d)
Obtained from plot of hPT versus yg.

iso

(0)fj~tai”edfrom plot Of APTi~o versus W
a

(11)

(11)
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FigUe l.- Photograph of heater test stand.
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Fig. 2.- Schematic Diagram of Stewart-Warner Slatted- Fln Heater with

Central Core and Ames and uc Air Shrauds,
N
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Figure 3.- Photograph of Stewart-Warner slotted-fin heater.
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Figure 4.- Photograph of Stewart-?!arner heater using semi-cross-flow (Ames) air shroud. *
(Takenbefore installationof traversing, shielded thermocouple at exhaust-gas

outlet.)
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Figure 5.- Photograph of Stewart-Warnerheater using UC-1 or
UC-2 air shroud.

Figure 6.- Photograph showing central core installed in
exhaust-gas side of Stewart-Warner heater.

-<. —



(1 block = 10 divisions on 1/20 Engr. SCOIQ)

190000

180000

170000

160000

150000

140000

130000

120000

110000

100000

Exper. Pts.

Wg ~ 7530 Iblhr n

7000 x

5950 +

4280 0

rgl?i2 1420 ‘F I

I

T.l=’ 100 “F

4

q.

Btu

T

/

1000 2000 3000 d

w~ , lb/hr

x

[

x

x

/

I

o 5000 6000

Fig. 7.- Thermal output af Stewart - Warner heater without

central care, using Ames air shraud, as a funct ian

of ventilating- air rote.

210000

200000

190000

160000

170000

160000

150000

140000

130000

120000

Exper, Pts. ❑

~ 6900- lb/hr ~
“%

7100

6100 x

4500 0

Tgl ‘= 1420 “F

~, ‘= 95 “F

r

t

/

qa o

Btu /

F /x

/-

0 1000 2000 3000 4000 5000 6000

Wa , lb/hr

Fig. 8.- Thermal output af Stewart - Warner heater with

wcentral core, using Ames air shroud , as a functiorr
m

of ventilating-air rate.



190000

180000

170000

160000

15000C

140000

130 Ooc

120000

110000

1000oc

Exper. Pts. I
1

~ 6880 lb/hr o
‘%

5900 x

4500 0

k

❑

~gl = 1420 “F #’

7., = 95 “F x x

~/

qo /

Btu x 0
T

/ /
0

/’
0

1000 2000 3000 4000 5C o 6000

Wa , lb/hr

Fig. 9.- Thermal output of Stewart-Warner heater without

central core, using UC * I air shroud, as a

functian of ventilating-air rate.

190 Ooc

180000

170000

160000

150000

140 Ooc

130000

120 Ooc

110000

100 Ooc

(1block = 10/20”) :

Expor. Pts.

Wg = 6800 ‘blhr 0
/ : “

/-

5810 x

4480 0 —n

~1 =’ 1420”F

~al = 97 “F

❑

r o

/

y
0

‘Ja o

x

Btu

T I l/
0

//

1000 2000 3000 4000 5000 6000

wa, ‘b/h r

Fig.10.- Thermal output af Stewort - Warner .heator with

using UG # I air shroud, os a function of “a
core,

G
ventilating - alr rate.



p! “’===4!!!

I

I
I

190000

180000

I 70000

160000

50000

40000

130000

120000

110000

100000

Exper. Pts.

~ 6910 lb/hr o
%

5850 x

4500 0

Tgl = 1410 “F

yal = 92 ‘F
/ “

❑’

x
/ “

❑

‘1.
/ “

o

Btu

T
/ ,

❑

/

x

o

/

1000 2000 3000 4000 5000 6000

w~ , lb/hr

190000

180000

I 70000

160000

150000

140000

I 30000

120000

110000

100000

(1block = 10/209

-
Exper. Pts. I I I

‘:;O; HI
Wg ~ 6820 Ib/hr n

A / 1/
Btu

I
/1 / Y

I I —
-

hr

~ ‘/

x o

u
o

/ /
o

/

—

1000 2000 3000 4000 5000 6000

Wa , Ib/hr

1

-fl-.

Fig. 11. - Thermal autput af Stewart - Warner hater without
;

Fig. 12. - Thermal autput of Stewart - Warner hater with _
central core, using Uc #2 air shroud, as a

central core, using Uc *2 air
function of ventilating-air rate.

shroud, as a ‘=

function of ventilating - air rate. N



18C

17C

16C

150

140

(UA)

Btu
n 130

120

110

100

90

Exper. Pts.

wg % 7530 lb/hr .

7000 x

5950 +

4280

1000 2000 3(

W.

heater

as a

0
0

c

/

/

E
o 4000 5000 6C

, lb/hr

180

170

160

150

140

(UA)

Btu
~ 130

120

110

100

90

Fig. 14.-Fig. 13.- Overall thermal conductance of Stewart - Warner

without control core, using Ames air shroud,

unction of ventilating - air rate.

(1 block = 10/20’)

Exper. Pts. /

Wg = 6900. lb/hr ❑

7100

6100 X

❑

4500 0

❑

/

{

/

1000 2000 3000 4000 5000 6000

Wa , lb/hr

Overall th. rmal conductance of Stewart - Warner
“G

heater with central core, using Ames air shroud, —,

as a function of ventilating- alr rate.
h



(1 block = 10/20”)

iaa

I70

160

I 50

140

130

(UA)

Btu 120
m

I 10

100

90

80

Exper. Pts.

wg = 6880 lb/hr ❑

5900 x

4500 0

D

+ ‘
/x

/
.0

0

/ ‘

T
I
I

I

-+

~/

/0

I

4-
1

—

—

—

—

—

—

—

—

—

—
1000 2000 3000 4000 5000 6000

Wa , lb/hr

180

170

160

I 50

140

(UA) 130

Btu

m
I 20

110

100

90

80

E xper. Pts. I
I

‘9 ~ 6800 lb/hr o

5800 x

4480 0 r

❑

x
./

(/ ,’0

,

o 1000 2000 3000 4000 S000 6000

w
~

~ , lb/hr
a

y)

Fig. 15.- Overall conductonc. of Stewort - Werner heot. r Fig.16.- Overoll conductance. of Stewart - Warnet heater —
y

without central core, using UC* I oir with centrolshroud, as core, using UC *I air shroud, as ~

a function of ventilating - air rate.
a function of ventilating- air rat.. w> ,



(1blink = 10/20”)

170

160

150

140

(UA) 130

Btu

m
120

110

100

90

80

Expert Pts.

= 69[o lb/hr ~
%

5850 x

4500 0

b

/

❑

✏
✏

x

/ ,
0

I 000 2000 3000 4000 5000 6000

17C

16C

15C

140

I 3C
(UA)

Btu

m 12C

Ilc

Ioc

9C

8C

Exper. Pts.

‘9
= 6820 Iblhr o

5810 x

4300 0“

n

[
r)

I
/

/
o

‘/

) 1000 2000 3000 4000 5000 6000

Fig. 17.- Overall thermal conductance af Stewart-Warner heater Fig. 18.- Overall thermal conductance af ,Stewart - Warner q

withaut central care, using Uc *2 air shraud, as a

functian of ventilating-air rate.

heater with central core, using UC #2 air -

“5
shraud , as a function of ventilating-air rat..



so Measured isothermal drop o d /

) ‘1
$

p60

()

40 / ./

30 - A

/ o

A Pa I I I I I /1/1 II I I

4 P
/

3

w~ , lb/hr

2 I I

500 1000 2000 4000 6000 10000

Fig. 19.- Pressure dro D on air side of Stewart-Warner heater

5

4

3’

2

I

II

Slopei30 = 1.89

Sla Penan-isa = 1.63

u Meaaured non- isothermal
pressure drop ●

I Predicted non-isothermal
pressure drop x

I

Measured Isothermal drap o

1000 2000 4000 6000 I0000

wa , Ibihr

with Ames Fig. 20.-air shroud, as a function of ventilating-air Pressure drop on air side of St4wart - Warner “

rate heoter with UC*, air shraud, as a functian af~

ventilating - air rate, “~



-“”’===

I

50

40
E

30

20

A Pa
Is

+

10

8

6

5

4

3

2

I
1000 2(

,

c

/ ‘/x

/ SiODC,. a = 1.90

%—+—i—H ““” I

!
,!”.. —,-”

/1 I I I
/ I I I0

/

Measured non-isothermal
drop

●
pressure

Predicted non-isothermal
pressure drop x

Measured Isothermal drop 0

)0 4000 6000 10000 20000

Wa , Iblhr

80

60

50

40

30

20

15

10

8

6

5

4

3

2

I

I Measured isothermal drop ‘J

~
a

1
Fig. 21.- Pressure draB on air side af

-m
Stewart - Warner Fig. 22.- Pressure drop on exhaust - gas side of Stewort-

1000 2000 4000 6000 10000

w
9’

lb/hr

hooter, with Uc *2 air shroud, os a function of WOrner heater, without centrol core, as a ~

ventilating - air rate. function of exhoust - gas rate. “N
N



NACA Fig. 23

100

80

60

50 ~

40

30

20 .
SIOpei~O = 1.85

10 -

8 ~

6
0 Measured non-isothermal pressure drop

5

X Predicted non-isothermal pressure drop
4

0 Measured isothermal drop

3 -

2 .

1+
1000 2000 4000 6000 10000 20000

‘g’ p’;

Figure 23.- Pressure drop on exhaust-gas side of Stewart-
Warner heater, with central core, as a function

of etiaust-gas rate.

A.



llllllllllnllllMlfl
3 1176013544474——..——

.--.—.... . . ., .,., .....
.-— . .._.


